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The purpose of this research is to examine the chemistry of 
ethylene decomposition on a ( ix l)  Pt(511) crystal. This was the first 
analysis of this particular crystal. The techniques used to study the 
crystal are temperature programmed desorption (TPD) and low 
energy electron diffraction (LEED).
The data acquired to this point is not sufficient to draw any 
meaningful conclusions. As the ethylene decomposition was 
monitored, three peaks consistently appeared in the TPD runs: a
small physisorption peak around 100 K, a large peak around 300 K 
and a shoulder to that peak around 270 K. It was noted that as the 
ethylene exposure increased, the shoulder at 270 K became larger 
than the peak at 300 K. Thus, it is thought that the peak at 270 K 
might be ethylene desorbing while the peak at 300 K is due to ethane 
formation.
Through the course of this project, both the gas manifold and the 
ultra high vacuum pumping system failed. While the leak in the gas 
manifold was relatively easy to locate and repair, the pumping system 
continues to be an obstacle to further experimentation, despite the 
efforts of several graduate students.
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industry. Catalysts are used to aid in producing desirable (and 
profitable) products and to decompose undesirable, sometimes toxic, 
side products of chemical reactions. Catalysts are attractive to 
industry because they can both increase the reaction rate and thus, 
increase production capacity. In addition, they can lower the 
necessary reaction temperature, which lowers a chemical plants
KsS
energy consumption. However, one thing catalysts cannot do is 
change the equilibrium of a chemical reaction in accordance with the 
second law of thermodynamics. Some examples of the use of catalysts 
include the oil industry, where they are used to crack large 
hydrocarbon molecules found in crude oil into smaller carbon chains 
that can be used in gasoline. In the automobile industry, during 
gasoline combustion spent fuel from a car's engine is sent through a 
catalytic converter to reduce the amount of hazardous fumes emitted 
to the atmosphere.
Despite their importance, the catalysts themselves are not well 
understood. The structure of a catalyst during a reaction is difficult to 
characterize, although the surface can be accurately described before 
and after the reaction. Understanding the chemistry that occurs on 
the catalyst surface during a reaction is important to gaining insight 
about how catalysts work and how their performance can be 
improved. For example, by lowering the temperature at which a
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products and produces less chemical waste. Catalyst 
easier to identify by studying the chemistry on various crystal 
structures (!].
:'illll
Dr. Masel's research group has studied several different 
platinum crystal surfaces and, as a result, some insight has been 
gained into how these various platinum crystal structures affect 
catalysis. A diagram of these structures is given as Figure 1 in 
Appendix A. fin the course of surface science research, many different 
chemical intermediates have been identified on the surface of these
platinum crystals and are shown in Figure 2. Through Dr. Masel's ami 
others' research, it has been found that the reaction chemistry is 
heavily dependent on the crystal structure of the catalyst.
Tim purpose of this study is to characterise the (lx l)  
PlattoumfSii) crystal structure and to compare it to other crystal 
structures. A diagram of the Ft(Sil) structure is shown in Figure 3. 
Fundamental studies to determine active sites on the Pt(Sll) are 
currently being carried out by monitoring the decomposition of 
ethylefie on the surface. It is known that the Pt(5!l) crystal has a 
step surface as opposed to the flat surface of the P t(lll)  or die 
Pt(100) which have been studied in this group. It is believed that this 
structural difference will result in a different reactivity for the 
P t(S ll) crystal.
O w  project, like most catalytic studios today, are performed in  
tdtaikifh vacuum (UHV) chambers and u tilise m ats and electronic 
spectroscopies to study gas reactions on a solid  surface 11 ]. The 
reason catalysts are studied at such low pressures is due to the need 
for very clean surfaces during an experiment. Because UHV is a fairly 
recent technology, most surface science experiments have been 
performed only in the last several decades (1). There are many 
procedures that must be learned before experimentation can begin 
and there are also many things that can go wrong. UHV chambers 
require a lot of maintenance and there is a great deal of 
troubleshooting involved. Problems can develop and they must be 
corrected before they lead to other difficulties. The problems 
encountered by this investigator will be described at length in die 
Results and Discussion section.
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besides the (txl)R t(9lt). Most notably, triko Yagasaki studied 
edfdeae on the (3*1) and (list) Pt(ifR) surfaces in both the LEED and 
8SLS aAambers while Arthur Rackrasn also studied the Pt(2l0) crystal 
in addition to studying hydrogenation effects on die Pt( 111) and the 
(SxIR) PtflOO) surfaces.
Yagasaki started her research using temperature programmed 
dmotption on die L6ED chamber. The TPD method will be described 
in detail i t  die Experimental section of this report. After exposing the 
tty tlll to ethylene, the crystal was k t t a f  *p to 1000 R and a mass 
iiwctromster monitored what desorbed from dm surface. Roth
and Rickman wotfeed on the BSLS chamber using the same
TW> technique. In this case, however, the crystal was heated in small 
increments as opposed to beating to 1000 K all at once. The gradual 
annealing allowed more information to be collated in die same
amount of time
The first issue Yagasaki studied was to determine what was 
desorbing from the (2x1) Pt(llO) crystal. There were three peaks, 
which were thought to be: ethylene, ethane, and hydrogen. Abo, it
was found that there was no shift in peaks when the ethylene 
exposure Was varied. It was noticed, however, that some new peaks
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did for© upon anneal©# 0*  crystal ytfMe ©hers disappeared. From 
these results, /agasitki concludes ©it ©ere ©W$( he two different 
hinds of Adsorbed ethyfejne on the (Zxf) Pt(l 10) surface, The peaks 
observed at 1020 and 1710 cm(-l) on the EEL# chamber do mm shift 
ireatfy when ethylene is dc uteri red (C2D4) which suffcsts that these 
(teaks are the result of cafbon-cafbon stretches. If ©e surface has 
both 2xf and lxl structure, the peaks at 1020 atld 1210 cm(-l) 
change independently of one another and indicates the presence o f 
two different species. Yagasaki suggests that these two species are 
d i e  and x-bound ethylene because the 940 and 960 coK-1) observed 
(2x1) Pt(IOO) are much larger than expected.
Yagasaki concludes ©at ©ere arc initially two kinds of ethylene 
adsorbed cm the surface: a di-o ethylene and a x-bonded e©ylene.
At 300K some fraction of this mixture desorbs while another paction 
reacts to form ethylylidyne, ethylidyne and hydrogen. The 
ethylylidyne decomposes to "C2" compounds and carbon adsorbed to 
the crystal surface. It should be noted that these "C2” species we not 
present on P t(lll) , (3x20) Pt(100), or (lx l)  Pt(100). The ethylidyne 
decomposes to a CCH intermediate, methylidyne and more adsorbed 
carbon. This proves that the intermediates formed (hiring a reaction 
are dependent on the surface structure of the crystal.
After completing her study on the (2x1) Pt(llO) surface. 
Yagasaki began study on the ( lx l)  Pt(llO). What was found was that
Me enlace chemistry is unlike any other platinum surface studied to 
that to e .  For the first time, methane formation was seen on a crystal 
exposed to ethylene. Also, these peaks were comparable in size to the 
ethylene peaks, meaning that the methane formed was in substantial 
quantifies. The (1x1) structure also showed considerable 
dehydrogenation activity and Yagasaki concluded that this structure 
weald be especially active in coke formation.
As described above, the methane formation on the (1x1) Pt(110) 
was not seen on the (2x1) Pt(llO) surface even though all of the (1x1) 
active sites are present on the (2x1) surface. A mechanism, shown in 
Figure 4, describes all of the steps involved in the methane formation. 
Ail of the steps in Figure 4, with the exception of the carbon-carbon 
bond scission, have been seen before on other platinum surfaces.
Yagasaki's thesis also studied the effect of pre-adsorbing 
hydrogen to the surface before exposing it to ethylene. On the (2x1) 
Ft(110) surface, the pre-adsorbed hydrogen changes the ethylene 
desorption so that a it-bound ethylene is now observed on the crystal 
where previously none had. Hydrogen also enhances the desorption 
of ethylene and acts as an active site blocker for the formation of the 
# - o  ethylene.
Art Backman also studied ethylene decomposition on Pt(210) 
and found it to be different from other surface structures. First, it 
was found that unlike the (lx l)  surface studied by Yagasaki, there 
was no substantial methane formation. Also, it was found that there
6
7is much more H2 desorption on the (210) crystal than on the (Ixi) 
Pt(llO). The mechanism Backman proposed is shown in Figure 5. 
Backman believed that a «-bound ethylene complex formed when the
(210) crystal is exposed to ethylene at 100 K. Upon heating to 2S0 K, 
it was found that some of the ethylene desorbed, while more formed 
ethane and other adsorbed methyl groups. After heating the crystal 
to 330 K, even more ethylene desorbed while some formed 
ethylylidyne, methyl groups and hydrogen along with adsorbed 
carbon. Heating the sample even more caused the ethylylidyne to 
decompose to ethynyl and methyl compounds which formed C2 
species and adsorbed carbon above 700 K.
Backman also studied the effects of pre-adsorbing hydrogen to 
the platinum surface before exposing the crystal to ethylene. It was 
found that pre-adsorbing H2 caused significant alterations in the 
mechanism of ethylene decomposition on the surface. Ethylene 
desorbed very low temperature, 133 K, when the surface had been 
pre-exposed to hydrogen, in contrast to the desorption temperature of 
260 K when no hydrogen had been added. Backman believes that 
ethane is formed when ethylene is hydrogenated and found that it 
desorbed at 193 K. Also, in contrast to Yagasaki, Backman thinks that 
there might be some di-o ethylene on the surface due to the presence 
of the CD2 scissors at 1130 cm(-l) in the EEUS spectrum for his 
experiment.
8In the next phase of Beckman's experiment, ethylene 
hydrogenation on P t( lll)  was compared to that of (5x20) Pt(100) 
because of their similar crystal structure (the top layers of each 
crystal are hexagonal). It was found that ethylylidyne forms on both 
but that it is much less ordered on the (5x20) surface. The initial 
rates were also found to be greater than the steady state rates.
Several explanations were examined as to why this would occur. 
Among them, both hydrogen acting as a protective barrier and 
ethylene self-hydrogenating were dismissed as reasonable 
explanations. Finally, it was decided that the difference between the 
steady-state and restart reactions was probably due to surface 
contamination.
The final segment of Backman's study involved ethylene 
hydrogenation on P t(lll). It was found that as the reaction 
progresses, ethylidyne and ethyl compounds form on the surface and 
block sites for hydrogen dissociation and that only the ethyl 
compounds are available to form ethane. From this, Backman 
concluded that the ethylene hydrogenation reaction actually occurs on 
the Pt crystal, as Horitiuti and Polanyi reported in 1934 |3|.
3. EXPERIMENTAL APPARATUS AND PROCEDURE
A. Apparatus
The study of the (1x1) Pt(3U) crystal was carried out using 
temperature programmed desorption in the LEED chamber located in 
Room 194 RAL. The apparatus is shown in Figures 6 through 8. Data 
for these experiments was collected using a Baizers Quadrupole Mass 
Spectrometer QMG 112. The crystal was exposed to ethylene and all 
other gases through a doser inside the chamber which is attached to 
several Varian variable leak valves. The leak valves are connected to 
gas cylinders by means of a gas manifold which could be evacuated 
with a roughing pump when it was desired to change the gas being 
dosed to the chamber. Pressure in the chamber is monitored by a 
Varian 845 Vacuum Ionization Gauge. LEED/AES measurements are 
made using a PHI 15-120 LEES/AES screen. A PHI 4-161 sputter gun 
is attached inside the chamber to aid in cleaning the crystal.
The ultra-high vacuum pumping system initially consisted of a 
Pfeiffer 330 l/s with a roughing pump behind it. The high vacuum 
system also has a sublimator and an ion pump adjacent from the 
turbo pump. During the course of this work, the 330 l/s turbo pump 
broke down and was replaced by the smaller, 170 l/s turbo currently 
in use.
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B. Procedures
The platinum crystal is mounted on tantalum wire connected to 
the manipulator by two copper wires. Cleaning the crystal takes place 
in three major steps. First, the crystal is placed in front of the doser 
where oxygen enters the chamber. The oxygen pressure in the 
chamber is raised to and then held at 2.0 x 10(-8) torr while the 
crystal is heated to 800 C. The purpose of dosing oxygen to the 
crystal is to oxidize any carbon on the surface to CO and C02, which 
will desorb from the crystal at the high temperature being used. 
Oxidation normally takes about an hour, but this time can be varied 
according to the amount of carbon on the surface.
The second step in cleaning the crystal is sputtering with argon 
ions. To initiate the sputtering process, the ion gun is turned on and 
the gate valve is partially closed. Argon is dosed through one of the 
leak valves to a pressure of 5.0 x 10(-5) torr and ionized by the 
sputter gun. The crystal is placed directly in front of the gun and is 
rotated slightly about every minute so that the sputter gun focuses on 
a different point on the crystal. The crystal is always rotated to nine 
different positions when this method is used. As time progressed in 
this experiment, carbon sources inside the chamber disappeared and 
sputtering was not used as much because oxidizing and annealing 
were adequate to keep the crystal clean.
After oxidizing and sputtering, the crystal is moved into "free 
space" where no equipment sits directly in front of it. The crystal is
then heated to 8S0 C for about IS minutes and then the temperature 
is manually increased to 1000 C for an additional S minutes.
After one cleaning cycle, the amount of carbon present on the 
crystal is measured using Auger, or AES, spectroscopy. In this 
method, the crystal is placed in front of the LEED/AES screen and 
electrons bounce off the crystal and the measurements appear on a 
computer screen. The presence of carbon on the surface is detected 
by the presence of a peak around 272 /cm. The crystal is considered 
clean if the carbon peak equals, or falls below, the noise level in the 
measurement. When the crystal is determined to be clean, the crystal 
is oxidized in the same manner as described above for an additional 
15 minutes because the AES process deposits small amounts of carbon 
on the crystal surface. If the crystal is dirty, the cleaning procedure 
starts over again with a long oxidation.
After determining that it is clean, the crystal then must be 
reconstructed to the proper structure. In the method used for the 
(lx l) Pt(511) crystal, there are two parts: oxygen reconstruction and
hydrogen reconstruction. Reconstruction begins after the crystal has 
been cooled down by pouring liquid nitrogen in the rotary 
manipulator. Oxygen reconstruction takes place by dosing oxygen to 
the crystal at a pressure of 2.0 x 10(-6) torr at 800 K and then cooling 
the crystal at a rate of -1 K/s to 525 K. Oxygen dosing continues until 
the temperature falls to 300 K at which point oxygen reconstruction 
ends and hydrogen reconstruction begins.
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At the start of hydrogen reconstruction, the temperature is set at 
300 K and the oxygen is shut off. The crystal is moved away from the 
doser and hydrogen is then dosed to the chamber to a pressure of 2.0 
X 10 (-8) torr. Once this pressure is attained, the crystal is replaced 
directly in front of the doser for 60 seconds and then removed while 
the leak valve is simultaneously shut and the gas manifold is pumped 
down. Once the chamber is pumped down to a pressure below
10.0 x 10 (-10) torr, the crystal is then heated to 39S K at a rate of I 
K/s and held at that temperature for one minute before letting the 
crystal cool down to 100 K.
Once the reconstruction procedure is completed, a LEED 
measurement is taken to determine how successful the reconstruction 
was. The LEED is carried out by placing the crystal in front of the 
LEED/AES screen and shooting low energy electrons at the crystal and 
observing the pattern they form on the LEED screen. A successful 
reconstruction of a (Ix l) Pt(511) crystal has sharp, bright spots in 
three rows with very little streaking in between the spots (Figure 9).
A failed reconstruction has streaks between the main spots and these 
spots become difficult to see. If the LEED pattern is not satisfactory, 
the entire reconstruction must be repeated, starting with the 02 
reconstruction.
When the reconstruction is successful, a TPD data run can then be 
taken. TPD starts by flushing the gas manifold with ethylene 3-4 
times. The mass spectrometer is then turned on if it is not already on
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and it is put on DAC control. The program "takerun" is called up on 
the computer and the proper numbers are entered after the proper 
computer prompts. The crystal is moved away from the doser and 
ethylene is dosed to the chamber through one of the leak valves.
When the desired pressure has been reached, the crystal is replaced 
in front of the doser and the time it is in front of the doser is 
measured with a stop watch. The crystal is quickly moved away from 
the doser as soon as the desired exposure has been reached. The leak 
valve is then closed and the chamber is pumped down until the 
pressure is in the 10(-10) torr range. The Pt crystal is placed directly 
in front of the mass spectrometer and the heating ramp is initiated by 
the computer when "contrtolAZ" is pressed. The mass spectrometer, 
both qualitatively and quantitatively, measures what is coming off of 
the crystal and displays the data on the computer screen. After each 
data run, the mass spectrometer is shut off and cleaning is started 
immediately.
4. RESULTS AND DtSCUSSON
A. Data Analysts
Vincent van Spaendonk and this investigator have been 
examining ethylene decomposition on the (lx l)  Pt(5ll) crystal in the 
LEED chamber with the intention of determining how it differs from 
the other platinum crystals previously discussed. Our research, to this 
point, has consisted of exposing the crystal to ethylene and then 
monitoring the ethylene desorption. At the present . ,ie, no studies 
have yet been made for methane formation or hydrogen pre­
adsorption. Our experiments all make use of temperature 
programmed desorption and our goal is to move to the EELS chamber 
to take more data.
The data taken to this point is limited due to problems with the 
LEED chamber, so not many important conclusions can be drawn from 
what has already been done. At first, the crystal was exposed to very 
low quantities of ethylene and the exposure increased in small 
increments to around 0.5 L. Three different peaks were observed 
during the ethylene desorption and several general trends were seen 
in the data. First, there was a large peak at around 300 K. There was 
also a shoulder on the regular desorption peak and a peak around 100 
K. As exposure increased, the size of the large peak also increased. 
Also, the shoulder appeared at a slightly lower temperature than the 
main peak and as exposure increased, the size of the shoulder
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increased until it actually became larger than the peak at 30Q R. 11)8 
peak around 100 K also increased in size with incroillllig elhyieHe 
exposure.
Although not enough data is currently available |Q drawn any 
major conclusions, enough is available to make some speculations. 
First, ethylene is known to desorb from platinum around 270 K, so the 
small shoulder on the 300 K peak is most likely ethylene desorbing 
from the crystal. The large peak at 300 K probably involves some 
type of chemical reaction. The most likely species being formed is 
ethane from the ethylene. The smaller peak at 100 K is most likely a 
l>hysisorption peak. Due to the lack of data, no reasonable mechanism 
for ethylene decomposition on (1x1) Pt(511) could be proposed.
Included below is a graph of a TPD data run for which the 
ethylene exposure was 0.5 L. The shoulder at 270 K has already 
increased in size beyond the size of the main peak at 300 K.
to
<s>
niP
j100 400 100 *00 *00 600 700 800 800 J00C
16
B. Troubleshooting
Several days after completing another ethylene run, the turbo 
pump on the LEED chamber started to make a loud grinding noise and 
the pump was shut off. Several hours later, we restarted the pump 
and after about 30 minutes of operation, the pump had to be shut off 
again due to the grinding sound and the decision to change turbo 
pumps was made. Proper procedure during pump shutdown is to 
turn the pump off and, after several minutes, vent the chamber to the 
atmosphere to prevent pump oil from traveling back through the 
pump and into the chamber. This procedure was followed exactly 
every time except the first, when several hours past between the 
pump shutdown and venting which caused some doubt as to whether 
pump oil was now present inside the chamber.
When the turbo pump was removed, oil could be smelled inside 
the chamber, although wiping the inside with lint free paper showed 
no traces of pump oil on the chamber walls. The spare turbo pump, 
with a capacity of 170 l/s, was installed without the vacuum sentry 
because there were mechanical difficulties with it, too. The pump was 
left on overnight and in the morning it was discovered that the turbo 
pump was on while the roughing pump had shut off. The turbo pump 
was shut off immediately and the chamber was vented. A problem 
was found with pins 4 and S on the power supply so the roughing 
pump was rewired to pins 9 and 10. After the chamber had been
17
pumped down, the mass spectrometer was turned on and showed 
signs of pump oil.
A bakeout was performed in an attempt to remove the pump oil 
and to a large extent it worked. Most of the oil peaks had either 
diminished or disappeared entirely. However, the chamber pressure 
did not decrease dramatically. At this time, van Spaendonk was 
consulted and it was recommended that a "hot" bakeout be tried to 
remove any remaining pump oil. After this bakeout, the mass 
spectrometer was again turned on and the pump oil masses were 
checked. This time, the pump oil was completely gone but again, the 
chamber pressure did not decrease.
The next piece of equipment checked was the vent valve. It had 
become stripped during the frequent venting of the chamber so it was 
suspected of causing the high pressure. However, it was tested by 
pressurizing the line to the vent valve with helium and watching the 
mass spectrometer to see if the helium mass inside the chamber 
increased. It did not. The foreline between the turbo pump and the 
roughing pump was then checked to see if it was limiting the pumping 
capacity. The foreline was completely replaced with a new one to see 
how it affected the pressure. This, too, resulted in no change in 
pressure.
The final piece of equipment checked was the power supply to 
the roughing and turbo pumps. Several problems were diagnosed 
with the power supply and it was sent to the machine shop to be
repaired. There had been a short and a fuse out on the supply which 
were replaced. So, it was determined that the power supply had been 
limiting the pumping capacity of the roughing pump. Also, the ion 
gauge was extremely bright when it was turned back on and quickly 
burned out and was replaced.
Another and completely unrelated problem occurred while the 
chamber was still in operation when the gas manifold from the gas 
cylinders to the the leak valves developed a leak. Apparently there 
had always been a very small leak but it developed into a large 
enough leak that no research could be done with the manifold in this 
state. This problem was systematically broken down until the leak 
was diagnosed. First, several places were instantly suspected of 
causing the leak because work had just been done in that area. These 
connections were tested using a "Snoop" solution to test for leaks in a 
pressurized gas line. Unfortunately, the leak was not discovered in 
either of these places, so the search continued. The manifold was then 
divided into two parts and the lower half was capped and tested for 
the leak with Snoop solution. And although by monitoring the 
pressure in the gas line that the leak was in the bottom half of the 
manifold, the Snoop solution could not detect it.
After further isolating the leak, the segment of the manifold 
with the leak was completely removed and all connections except one 
were capped off. The one remaining connection was attached to a 
large oxygen cylinder and the entire manifold was immersed in water
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to determine where the leak was. While the manifold was in the 
water, oxygen bubbled out of copper "tee" fitting welded to stainless 
steel pipe. The leak had been found! The "tee" was then cut off and 
replaced with a stainless steel swage lock union tee and the gas line 
was reattached. After the whole manifold had been reattached, it was 
discovered that a valve from the vent valve to the gas manifold had 
been stripped and that this, too, needed to be replaced. After 
replacing the valve, the gas manifold is completely leak free and the 
vacuum inside the gas line is lower than ever before, indicating that 
the very small leak in the line had also been fixed.
5. CONCLUSIONS AND RECOMMENDATIONS
As stated in the Results and Discussion section, not enough data 
is available to make any conclusions at this time. However, it can be 
speculated that some type of reaction, probably ethylene reacting to 
form ethane, is taking place on the (Ixl) Pt(SU) surface as shown by 
the shoulder (270 K) becoming larger than the main peak (300 K) as 
exposure to ethylene increases. Not enough data has been taken to 
postulate how this reaction works.
The Pt(Sll) crystal has never been studied before, so very little 
is known about it. I recommend that further ethylene studies be 
completed to determine if a significant amount of methane is formed 
during the ethylene decomposition and whether pre-adsorbing 
hydrogen affects the overall chemistry of the crystal. Another 
recommendation is that experiments be performed with the same 
crystal in the EELS chamber to see if the results from the LEED 
chamber are reproducible and to find out more about the catalytic 
properties of the crystal. Once this is done, some general conclusions 
about the Pt(Sll) properties and chemistry should be readily made.
It is also essential that the LEED chamber repairs be completed 
as quickly as possible so that Mr. van Spaendonk may continue with 
this research. Although much progress has been made to this point, 
some things remain to be done. First, the argon line to the gas 
manifold has a leak and must be repaired. Some new brass pipe
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connections should accomplish this tusk. More importantly, the 
chamber should be baked out and the pressure should be checked to 
make sure that it is in the low to mid 10(-10) torr range.
If the pressure still is not within this range, troubleshooting 
should continue until it is completed. It has been suggested that the 
170 l/s turbo pump is not big enough for the LEED chamber. If this is 
the case, further repairs must wait until the old, 330 l/s pump is 
returned. Also, the low  pumping capacity could be the result of a 
poorly designed sublimator interfering with the turbo pump. If this is 
the case, removing the sublintator could cause the pressure to drop 
into the required range.
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research group.
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Figure 3 The Pt(511) crystal structure.
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Figure 4. Eihylene thermal decomposition mechanism as 
proposed by Yagasaki [1],
Figure 5 Ethylene decomposition on Pt(210) as 
Backman (2).
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1. Venting
A. Shut down turbo and roughing pumps ( if they have not 
already turned off on their own ).
B. Fill a small Dewar flask with liquid nitrogen and place it 
close enough to the chamber vent valve so that a piece of 
rubber hose connected to the vent valve can be placed 
inside of the flask.
C Open the green valve to die Dewar flask.
Q With a large wrench, slowly open the vent valve until it
is completely open.
2. Bake out
A. Move the crystal to a free position.
B. Make sure that the vent valve is closed.
C Disconnect the mass spectrometer, the LEED and AES
wires, and the variac heating wires from the chamber.
Et Cover the chamber window, the leak valves and the 
rotary manipulator with alluminum foil.
E Connect all heating wires to a variac or directly to an 
outlet and set the variac accordingly.
F. Insulate the chamber and alt pumps ( if not previously 
insulated ) with fiberglass insulation.
3. Oxidizing
A. Flush gas manifold with oxygen 3*4 times.
& Place the crystal in front of the doser.
C Make sure the gate valve mi the chamber is open.
D Hook up the leads from the variac heater to the crystal.
E Heat the crystal to 800 C and maintain that temperature.
F. Dose crystal with 0 2  through the leak valve at a pressure
of 2.0 X l(K-8) torr.
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Annealing
A. Turn off crystal heater and allow to cool until T < 500 C.
B. Place crystal in a free position (not near any equipment).
C. Hook leads up to the crystal.
D. Turn variac heater on and heat crystal to 850 C for 15 
minutes, then heat to 1000 C for another 5 minutes.
E Turn down the variac gradually until the crystal
temperature is below 500 C, then turn the variac off 
completely.
F. While the crystal is still hot, flash the AES filament for 
several minutes.
Sputtering
A. Make sure the ion pump is off!
B. Close the leak valve to shut off the 02.
C. Pump down the gas manifold to get rid of 02 in line.
D Flush gas manifold 3-4 times with argon.
E Slowly turn off the variac heater and disconnect it from 
the crystal.
F. Ground the crystal with a wire from one lead to the 
outside of the chamber.
G Check cables on switch box to make sure they are 
properly attached.
H. Turn on the sputter gun and turn up the emission to 25.
I. Flash the sputter gun for about one minute.
J. Move crystal in front of the sputter gun.
K Partially close the gate valve ( turn clockwise until it 
resists).
L. Dose the chamber with argon at a pressure of
5.0 X 10{-5) torr.
M. Turn the high voltage on to 1.5 kV.
N. Clean at this position for about one minute and then
rotate to the next crystal position by changing the Y or Z 
coordinate by +/- 1.5.
Q Clean at all nine crystal positions.
P. Turn off the high voltage.
Q Turn down emission.
R. Turn off the power switch and set the switch box to 
neutral.
S. Open the gate valve while closing the leak valve and then 
pump down the gas manifold.
T. Flash the sublimator for 75 seconds at 50 amperes.
Auger Spectroscopy
A. Flash AES filament for several minutes while the crystal 
is still hot.
B. Ground crystal by attaching a wire from the crystal lead 
to the outside of the chamber.
C Check cables on LEED, make sure that J4 is connected to 
G23 and J5 is connected to the collector.
D Check to see that LEED controller is turned to external 
and that emission is at N.
E Make sure all knobs except the filament are turned fully 
counter-clockwise.
F. Look through the chamber window to make sure the 
LEED screen is blue.
G Check switch box to see if AES cables are hooked up 
properly.
H. Set switch box to LEED (right 2 switches).
I. Turn on reference frequency supply.
J. Turn on AES controller and lock-in amplifier.
K. Turn on ORTEC power supply. It should read 160 V.
Never adjust the voltage setting.
L. Start AES_new program and type in 480 
channels/minute.
M. Turn the ORTEC high voltage on to 2.9 kV.
N. Wait until system shows a negligble amount of drift 
before starting scan.
Q As soon as the scan is complete, turn off the high voltage 
to prevent excess carbon from depositing on the crystal.
P. To save the scan, press exit and yes. This will give you 
the menu to save the scan.
Q. To shut down, turn everything off in the reverse order of 
which you turned them on, except the high voltage, which 
should already be turned off.
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02 Reconstruction
A. Hook up leads from variac heater to crystal.
B. Hook up thermocouple from crystal to output devices.
C Heat crystal to about 800 K ( or 525 C).
D At the computer, type in 02_recon for the proper 
program.
E Set variac control to DAC on switch attached to 
instrument rack and turn variac knob to 17.
F. On computer, hit "t" to set a constant temperature and 
set the temperature to 800 K.
G Again, on the computer, hit "r" to initialize a
temperature ramp, setting final temperature to S23 K 
and the heating rate to -1 K/s.
H. Make sure the mass spectrometer is off.
I. Flush the gas manfold with oxygen 3-4 times.
J. After flushing, dose the chamber with oxygen at
2.0 X 10(-6) torr and turn off the ion gauge.
K Immediately after turning off the ion gauge, hit "I" on the 
computer keyboard and set the heater level to zero ( this 
prevents heating the sample after the ramp is 
completed).
L. Then hit controlAz to observe the heating ramp.
M. When ramp is done, quit program and enter into 
H2_recon.
H2 Reconstruction
A. Once into the H2_recon program, hit "r" to initialize 
temperature ramp and set the final temperature to 395 K 
and the heating rate to 1 K/s.
B. When the temperature has dropped to 300 K, stop the 
oxygen flow to the chamber and pump down the gas 
manifold.
C When the temperature reaches 300 K, also hit "t" and set 
a constant temperature of 300 K.
Dt Flush the gas manifold 3-4 times with hydrogen.
E Move crystal so that it is not directly in front of the 
doser.
F. Dose hydrogen at a pressure of 2.0 X 10(-8) torr.
G Move the crystal directly in front of the doser for 60
seconds, then move crystal and then shut off hydrogen to 
the chamber.
H. Pump down the gas manifold and allow chamber pressure 
to fall back into the I0(-10) torr.
I. Hit "t" on the keyboard and set a constant temperature of
395 K.
J. Hit controlAz to start heating ramp.
K. After temperature ramp is complete, hold the 
temperature at 395 K.
L. After one minute, hit T  and set the heater level to zero.
LEED ( Low Energy Electron Spectroscopy )
A. Turn on the LEED electronics box.
B. Make sure that the proper cables are hooked up to the 
LEED screen.
C. Flash the LEED filament ( don't let it go higher than 
2 eV).
D Turn off and disconnect the variac heater.
E Position the crystal in front of the LEED screen.
F. Ground the crystal.
G. Turn the far left knob to zero and set the screen voltage 
to 4 kV.
H. Turn the gun voltage knob to adjust the beam energy 
when necessary ( a typical beam energy is 70.6 eV).
I. Draw what you see and label the energy.
C2H4 TPD (Temperature Programmed Desorption)
A. Flush gas manifold with ethylene 3-4 times.
B. Make sure that the crystal is not directly in front of the 
doser.
C Dose the chamber with ethylene until the desired 
temperature is reached.
D Move crystal in front of doser and measure the time with 
a stopwatch until the crystal is moved away from the 
doser.
E Immediatley shut off ethylene from the chamber.
F. Turn on the mass spectrometer.
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G Set the mode switch to single.
H. Check that emission light is on.
I. Move the crystal to a free position.
J. Set the crystal y and z positions for mass spectrometer.
K. Make sure the x value for the manipulator is such that 
when the crystal is rotated from free space to directly 
in front of the mass spectrometer that the crystal 
doesn't hit anything.
L. Set the x position on the manipulator.
M. Hook up heating wires.
N. Set control switch to DAC and turn on variac and set 
it to 30.
Q Set the small switch for mass spectrometer to DAC.
P. Also make sure that the Range is 10(-9), the upper left
knob is set at mass, First mass = 0, Scan width = 60.
39
Computer procedures
Q Check sample temperature to make sure that it is below 
or equal to what the program starts at.
R. Start the program and follow the prompts.
S. Check to see that the number of channels on the scope 
equals the number on the computer.
T. Check to see that the pressure changes when there is a 
peak.
1. If there is no peak, the mass spectrometer is set up 
wrong.
2. If the scope changes but there is no peak, 
something is wrong with the data connection.
U. Save data to a disk and copy the filename into the lab 
notebook.
V. Shut down the heater and the mass spectrometer.
W. Move the crystal to a free position.
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